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Clinical application of an external fixator in the repair of bone
fractures in 28 birds
Abstract
The repair of seven tibiotarsal fractures, three humeral fractures, three tarsometatarsal fractures, two
femoral fractures and 13 radial and ulnar fractures with a tubular external fixator system was evaluated
prospectively in 10 common pigeons (Columba livia), 11 psittacine birds, six birds of prey and one Bali
starling (Leucopsar rothschildii). The fixations included type 1, type 2 and intramedullary tie-in
methods, and the fractures healed in all but three cases. A comparison of the weight of different
connecting bars showed that the external fixation system and polymethylmethacrylate are the lightest
available systems and that there was no clinically relevant difference between them.
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Score Degree of comminution
0 No comminution
1 Small, unimportant bone chip
2  Greater than 50% contact between major proximal and 
distal fracture segments
3  Less than 50% contact between major proximal and distal 
fracture segments
4  No contact between major proximal and distal fracture 
segments (for example, bone fractured in three pieces)
5 Segmental fracture
TABLE 1: Modified Winquist-Hansen classification of fracture 
comminution (Dueland and others 1999)
EXTERNAL skeletal fixation has been widely used to treat 
bone fractures not only in dogs and cats but also in birds 
(Bennett and Kuzma 1992), and the types of fracture for 
which it is suitable and the techniques have been described 
extensively (Redig 2000b, Harcourt-Brown 2002, Orosz 
2002). Important advantages of external skeletal fixation 
over other methods of treatment are that it can provide 
fracture reduction with little or no trauma to the vascular-
ity of the bones and surrounding soft tissue, and that no 
implants are applied to the fracture site itself. As a result, the 
vascularisation of the fracture site is not impaired, which is 
of major importance for the healing process, especially in 
birds in which the endosteal blood supply and endosteal cal-
lus formation are particularly important to fracture healing 
(Bush and others 1976).
However, in birds the weight of the external skeletal fixa-
tor frame may be a limiting factor. Pet birds generally weigh 
less than 1 kg, and most commercial systems work with 
clamps that may be too heavy or may not be compatible with 
the small pins (≤1 mm) which are used in birds. To reduce 
the weight, free-form fixation (Marcellin-Little 2003) may 
be applied, with polymethylmethacrylate often being used 
as a connecting bar, so that custom-made models can be fit-
ted. However, polymethylmethacrylate alone provides only 
a small area of contact between the cement and the smooth 
pin surface, and may result in instability (Kavanagh 1997). 
Several methods have been proposed to increase the area of 
contact, including the use of pins with a roughened surface, 
bending the exposed ends of the pins at 90° or connecting 
the pins to a transverse pin with cerclage wire before the 
polymethylmethacrylate is applied (Kavanagh 1997). These 
modifications increase the price, when special pins are used, 
and the weight of the external fixation system. Furthermore, 
alignment of the pins is difficult and, until the connecting bar 
is in place and the polymethylmethacrylate has hardened, the 
fracture may become misaligned. It is therefore desirable to 
have a connecting bar that is light, can safely immobilise the 
pins and is easy to apply.
The Fixateur Externe du Service de Santé des Armées 
(FESSA) is a lightweight external skeletal fixator that was spe-
cifically developed for use in complex fractures of the hands 
and feet in human medicine (Meyrueis and others 1993). In 
veterinary medicine, the system has been applied to small 
dogs, cats and rabbits (Chancrin and others 1990, Reichler 
and others 1997, Haas and others 2003). The tubular system 
combines the function of both connecting rod and clamps 
and, although it appears to have great potential for avian sur-
gery, it has not yet been evaluated in birds.
This paper describes the application of the system to 10 
feral pigeons (Columba livia), 11 psittacine birds, six birds 
of prey and a Bali starling (Leucopsar rothschildii). The types 
of fixation and the extent of fracture reduction, the suit-
ability of the system for short-term and long-term use, and 
the incidence and effects of postoperative morbidity were 
assessed.
MATERIALS AND METHODS
The model (Medical Solutions) (Fig 1) is made of stainless 
steel and different models are available with a diameter of 
6 mm or 8 and 12 mm, for which Kirschner pins of up to 
2 mm and 2·5 mm, respectively, may be used. The length of 
the fixators varies from 30 mm to 118 mm, and linear or angu-
lar combinations of two fixators can be used to elongate the 
system. A system of screws and holes is used to attach the pins 
in the tube, and replaces the connecting rod and clamps used 
in other external fixator systems. Allen keys are supplied to fit 
the system, and the use of a low-speed drill is recommended 
for precise pin placement. The minimum distance between 
pins is 2 mm. The pins may be placed either perpendicularly 
or, by exiting through the neighbouring hole, at an angle of 
approximately 30° (Fig 1). The fixator may be used in differ-
ent ways, for example, as a type 1 to 3 external fixator or as 
tie-in fixator, that is, a combination of intramedullary pin and 
external fixation. In order to compare the weight of the FESSA 
system (6 x 67 mm with six screws) with other external skel-
etal fixator systems, a polymethylmethacrylate connecting bar 
of the same length and diameter was produced, and data from 
the literature referring to other systems were collected.
The birds were treated between January 1, 1995, and 
December 31, 2003, and came from two different subsets of 
cases. The pigeons were caught as part of a population con-
trol programme in Zurich, and used in a controlled study 
on the influence of two alternative treatments on fracture 
healing, which included experimental osteotomy of the ulna 
and radius, and euthanasia after four weeks for a histologi-
cal evaluation of callus formation. The interventions were 
evaluated and approved by the cantonal Animal Care and 
Use Committee and licensed under number 82/2002. The 
results of the histological evaluations are not presented here, 
but they have been included because the FESSA system was one 
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of the alternative treatments used. The other birds were clini-
cal cases treated by the authors’ clinics. The birds were given 
perioperative analgesia by administering 1·2 mg/kg butor-
phanol (Morphasol; Gräub) intramuscularly immediately 
before the surgery and 4 mg/kg carprofen (Rimadyl; Gräub) 
subcutaneously daily for seven days afterwards. In addition, 
tetracycline (Tetracyclin solubile; Streuli) was added to the 
birds’ drinking water at 125 mg/l for seven days.
Each bird’s characteristics, bodyweight and cause of frac-
ture were recorded. On the basis of clinical and radiographic 
assessments, the fractures were described as either open or 
closed, by location, and by configuration, with the degree 
of comminution classified by using a modification of the 
Winquist-Hansen classification scheme (Table 1). Each bird’s 
degree of lameness was graded on a scale from 0 (sound) to 5 
(consistently non-weight-bearing), as described by Anderson 
and others (2002), before surgery, after surgery, and after the 
fixator had been removed (Table 2).
Whenever it was known, the interval between when the 
bird sustained its fracture until the FESSA system was applied 
was also recorded. Standard pre-, intra- and postsurgical 
procedures were used to treat the fractures in all the birds. 
Bandages were not applied postsurgically. The method of 
repair was described in terms of the number and type of 
pins used in the proximal or distal fragment or in terms of 
the intramedullary pin and the angle at which the pins were 
placed. The type of fixation was described as type 1, type 2 or 
tie-in fixation, the tie-in fixation being used as described for 
birds by Redig (2000b). Complications, such as the loosen-
ing of pins or non-union were recorded. The interval from 
surgery to the removal of the fixator was influenced by the 
radiographic appearance of the fracture and the attending 
surgeon’s judgement. In six of the pigeons, the artificially 
induced fractures of the ulna and radius were treated by 
FIG 1: Schematic view of 
the components of the 
FESSA external fixator. 
The tube has gliding (a) 
and threaded (b) holes, 
Kirschner pins (c), 
screws (d) and an allen 
key (e). Fixation of the 
pin is perpendicular (f) 
or at a 30° angle (g)
Score Degree of lameness
0 Normal leg or wing function
1  Subtle, intermittent weight-bearing lameness or wing 
droop
2  Subtle, consistent weight-bearing lameness or wing droop
3 Obvious weight-bearing lameness or wing droop
4  Intermittent non-weight-bearing lameness or wing droop
5 Consistent non-weight-bearing lameness or wing droop
TABLE 2: Modified lameness grading according to Anderson 
and others (2002)
a b
d
g
f
c
d
e
FIG 2: Grey parrot (case 24) with a type 1 FESSA external 
fixator for the stabilisation of a tibiotarsal fracture
FIG 3: Hobby (case 
13) with an open, 
comminuted fracture of 
the diaphysis of the left 
humerus stabilised with 
a tie-in external skeletal 
fixation
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      Lameness
     Before After After fixator
Bird Age Sex Weight Aetiology Description of fracture Comminution surgery surgery removal
 1 (wild-caught feral pigeon) Adult  340 g Osteotomy Simple transverse osteotomy of the 0 0 3 Euthanasia
     diaphysis of the left ulna and radius    (SP)
 2 (wild-caught feral pigeon) Adult  295 g Osteotomy Simple transverse osteotomy of the 0 0 3 Euthanasia
     diaphysis of the left ulna and radius    (SP)
 3 (wild-caught feral pigeon) Adult  305 g Osteotomy Simple transverse osteotomy of the 0 0 3 Euthanasia
     diaphysis of the right ulna and radius    (SP)
 4 (wild-caught feral pigeon) Adult   325 g Osteotomy Simple transverse osteotomy of the 0 0 3 Euthanasia
     diaphysis of the left ulna and radius    (SP)
 5 (wild-caught feral pigeon) Adult  280 g Osteotomy Simple transverse osteotomy of the 0 0 3 Euthanasia
     diaphysis of the right ulna and radius    (SP)
 6 (wild-caught feral pigeon) Adult  300 g Osteotomy Simple transverse osteotomy of the 0 0 3 Euthanasia
     diaphysis of the left ulna and radius    (SP)
 7 (wild-caught feral pigeon) Adult  320 g Osteotomy Simple transverse osteotomy of the 0 0 3 Euthanasia
     diaphysis of the right ulna and radius    (SP)
 8 (wild-caught feral pigeon) Adult  ~300 g Osteotomy Simple transverse osteotomy of the 0 0 3 Euthanasia
     diaphysis of the left ulna and radius    (SP)
 9 (wild-caught feral pigeon) Adult  370 g Osteotomy Simple transverse osteotomy of the 0 0 3 Euthanasia
     diaphysis of the right ulna and radius    (SP)
10 (wild-caught feral pigeon) Adult   325 g Osteotomy Simple transverse osteotomy of the 0 0 3 Euthanasia
     diaphysis of the left ulna and radius    (SP)
11 (blue-fronted amazon) 28 y F 537 g Caught in wiring Closed, comminuted midshaft fracture 2 5* 4 1
    of cage of the right humerus
12 (cockatiel) 5 y M 95 g Unknown Closed, simple comminuted fracture 2 5 3 1
     of the diaphysis of the right humerus
13 (wild-caught hobby) Adult  190 g Unknown Open, comminuted fracture of the 4 5 4 0
     diaphysis of the left humerus
14 (wild-caught tawny owl) Adult  500 g Unknown Open, comminuted fracture of the 4 5* 4 0
     diaphysis of the right ulna and radius
15 (wild-caught tawny owl) Adult  500 g Unknown Open, comminuted fracture of the 4 5 4 0
     left ulna and radius
16 (grey parrot) 25 y M ~400 g Injured by dog Open, comminuted fracture of the 4 5* 4* Amputation
     proximal diaphysis of the left ulna
     and radius (additional fracture
     of the right humerus and coracoid)
17 (grey parrot) 30 y  ~400 g Fell from 1·7 m Closed, comminuted fracture of the 2 2 1 1
     diaphysis of the right femur
18 (wild-caught red kite) Adult  760 g Unknown Closed, comminuted fracture of the 4 5 4 0
     diaphysis of the right femur
19 (grey parrot) 4 m F 380 g Metabolic bone Corrective osteotomy of the distal  0 3† 3 1‡
    disease with a  diaphysis of the left tibiotarsus    
     folding fracture     
20 (goshawk) 1 y F 925 g Unknown Closed, simple oblique fracture of the  0 4 2 0
     proximal diaphysis of the left tibiotarsus
21 (hawk-headed parrot) 11 m F 242 g Caught in wiring Closed, simple oblique fracture of the 0 5 3 0
    of cage distal diaphysis of the right tibiotarsus
 
22 (grey parrot) 10 y M ~500 g Ring caught in Closed, simple oblique fracture of the 0 5 3 0
    wiring distal diaphysis of the tibiotarsus
23 (white cockatoo) 5 w  352 g Parents tried to  Closed, comminuted midshaft fracture of 1 5 3 0
    remove ring the day the right tibiotarsus
    after bird was ringed
24 (grey parrot) 1 y M ~400 g Unknown Closed, comminuted fracture of the 2 5 4 0
     diaphysis of the left tibiotarsus
25 (blue-fronted amazon) 4 y M 500 g Unknown Closed, simple transverse fracture of the 4 4 4 1
     diaphysis of the left tibiotarsus
26 (Bali starling) Adult M 92 g Ring caught in Open, simple midshaft fracture of the left 0 5 3 5§
    wiring tarsometatarsus    
27 (Bodin’s amazon) 5 y F 294 g Injured by weasel Open, simple fracture of the distal epiphysis 0 5# 5 5§
    through wiring of the left tarsometatarsus (additional    
     fracture of the pelvis    
28 (wild-caught barn owl) 4 y  215 g Unknown Open, comminuted fracture of the 2 5 2 0
     diaphysis of the right tarsometatarsus
* Wing droop
† With malposition on medial aspect of foot
‡ Reduced holding ability of foot
§ Tarsometatarsus amputated
# Due to pelvic fracture that healed conservatively
SP Study protocol, y Years, F Female, M Male, m Months, w Weeks
TABLE 3: Species, age, sex, bodyweight, type of fracture and follow up in 28 birds treated with the tubular external skeletal fixator (FESSA)
external fixation of the ulna only, but in the other four the 
radius was also stabilised with an intramedullary pin.
RESULTS
All the birds tolerated the fixator well (Fig 2); the results are 
summarised in Tables 3 and 4. The birds’ bodyweight ranged 
from 92 g to 925 g. In all cases, the 6 mm diameter FESSA sys-
tem was used, with lengths varying between 30 and 70 mm. It 
was applied to seven tibiotarsal fractures, three humeral frac-
tures, three tarsometatarsal fractures, two femoral fractures 
and 13 radial and ulnar fractures. One four-month-old grey 
parrot (Psittacus e erithacus) underwent corrective osteotomy 
of the distal tibiotarsus due to bone deformation caused by 
metabolic bone disease.
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Eleven of the fractures were comminuted, six had a 
Winquist-Hansen grade higher than 3 and seven fractures 
were open.
The time from injury to surgery in the captive birds 
ranged from one to 21 days; in the wild birds of prey the time 
of the injury was not known. The 10 pigeons were treated on 
the day they received the osteotomy. A closed reduction was 
used to treat fractures of the tibiotarsus and tarsometatarsus 
in six of the 28 birds. An intramedullary pin (tie-in method) 
was used to assist with alignment and reduction in five cases, 
which involved two humeri (Fig 3), one femur, one tibiotar-
sus and one tarsometatarsus.
In the seven cases in which a type 2 external fixator was 
applied, all the pins were placed perpendicular to the bone 
in four cases and in the other three one pin was placed at an 
angle of 30°. These differences in the angle of placement of 
the pin did not appear to have any effect on the incidence of 
complications.
The 123 pins used in the study ranged from 0·8 mm to 1·35 
mm in diameter. In one of the pigeons one pin broke, with-
out having any effect on the outcome. Only non-threaded 
or negatively threaded pins were used. For intramedullary 
pinning in the tie-in fixations, pins with a diameter of 1 to 
2 mm were used. Three of the tie-in fixations used threaded 
pins and two used non-threaded pins; no difference in the 
rate of complications was apparent.
Before surgery, none of the birds was weight-bearing on 
the affected leg; after the surgery, three of the 28 birds were 
weight-bearing at a lameness score below 3. Fifteen of the 18 
birds from which the fixator was removed had a lameness 
score of 0 or 1.
No complications were observed in 10 cases, but there 
were complications in the other 18, in three cases leading to 
the amputation of the limb. In the Bali starling and a Bodin’s 
amazon (Amazona festiva bodini) with open tarsometatarsal 
fractures, non-union led to amputation of the leg, to which 
the birds became well accustomed. A grey parrot with an 
open radial and ulnar fracture experienced osteolysis that 
resulted in the loss of the fixator four weeks after surgery, 
and the wing had to be amputated.
Fissures formed and the bone refractured in five of the 
10 pigeons, but did not occur in any of the other birds. 
Refracturing occurred regardless of whether the radius had 
been stabilised by intramedullary pinning. No measures were 
taken to treat the refractured bones, and functional healing 
had occurred in all the pigeons within four weeks, when they 
were euthanased.
The FESSA system (6 x 67 mm with six screws) weighed 
6 g, whereas a polymethylmethacrylate connecting bar of 
the same length and diameter weighed 2 g; these results are 
compared with other commercial systems that use clamps 
in Table 5.
DISCUSSION
With the exception of three cases, in which non-union or 
osteolysis occurred, the fractures healed. In most cases the 
    Description of
    repair (number of Description of  Interval to union
  Time from injury Reduction pins proximal/distal pins (size of pin,  or removal of
Bird Fixation to surgery (days) (open or closed) to fracture) threaded/non-threaded Complications fixator (weeks)
 1 Type 1 0 Open 3 and 3 1·0 mm threaded, all Fissure of the ulna after pin 4
     perpendicular application
 2 Type 1 0 Open 3 and 3 1·0 mm threaded, all Fracture between the second 4
     perpendicular  last and the most distal
      pin of the fixator
 3 Type 1 0 Open 3 and 3 1·0 mm threaded, all Fissure between the second 4
     perpendicular last and the most distal
      pin of the fixator
 4 Type 1 0 Open 3 and 3 1·0 mm threaded, all None 4
     perpendicular
 5 Type 1 0 Open 3 and 3 1·0 mm threaded, all None 4
     perpendicular
 6 Type 1 0 Open 3 and 3 1·0 mm threaded, all None 4
     perpendicular
 7 Type 1 + IM 0 Open 3 and 3 + IM IM pin 1·0 mm, 1·0 mm IM pin too short 4
 pin   pin in radius threaded, all perpendicular
 8 Type 1 + IM 0 Open 3 and 3 + IM IM pin 1·0 mm, 1·0 mm Reposition not satisfactory 4
 pin   pin in radius threaded, all perpendicular
 9 Type 1 + IM 0 Open 3 and 3 + IM IM pin 1·0 mm, 1·0 mm Fracture at the second 4
 pin   pin in radius threaded, all perpendicular distal pin
10 Type 1 + IM 0 Open 3 and 3 + IM IM pin 1·0 mm, 1·0 mm Refracture of the ulna with 4
 pin   pin in radius threaded, all perpendicular comminution
11 Type 1 + IM 5 Open 2 and 2 in IM pin 1·6 mm, 1·0 mm IM pin loosened and was 7
 pin   combination with an threaded all perpendicular removed after 12 days
    IM pin
12 Tie-in Unknown Open Tie-in with 2 pins in Tie-in pin 1·35 mm,  Fracture compression 3
    proximal fragment threaded others 1·0 mm,   
     all perpendicular
13 Tie-in Unknown Open Tie-in with 3 proximal Tie-in pin 2·0 mm, threaded, None 5
    pins and 2 cerclages 1·35 mm, all perpendicular
14 Type 1 Unknown Open 2 and 3 + cerclage Proximal: threaded, 1·35 mm, Loosening of 4 pins after 6 6
     second pin at 30˚. weeks
     Distal: threaded, 1·35 mm, all
     others perpendicular
15 Type 1 Unknown Open 3 and 2 Proximal: threaded, 1·35 mm. Minor wire tract lysis on 5
     Distal: threaded 1·35 mm, all one pin
     perpendicular
16 Type 1 2 Open 2 and 2 Proximal: threaded, 1·67 mm Reposition unsatisfactory, Non-union
     and non-threaded 1·35 mm. 4 weeks after surgery loss
     Distal: threaded, 1·67 mm, all of fixator, osteolysis resulting
     perpendicular in amputation of distal wing
TABLE 4: Surgical details, complications and interval to union and fixator removal in 28 birds treated with the tubular external skeletal fixator (FESSA)
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    Description of
    repair (number of Description of  Interval to union
  Time from injury Reduction pins proximal/distal pins (size of pin,  or removal of
Bird Fixation to surgery (days) (open or closed) to fracture) threaded/non-threaded Complications fixator (weeks)
17 Tie-in 4 Open Tie-in with 1 pin Tie-in pin 2·0 mm, threaded, None 4
    distal and 2 pins 1·35 mm, all perpendicular
    proximal
18 Type 1 Unknown Open 3 and 2 + cerclage Proximal: threaded, 1·35 mm. Minor instability 5
     Distal: threaded, 1·35 mm, all
     perpendicular
19 Type 2 Osteotomy Open 2 and 2 Proximal: 1·35 mm and  None 4
     1·35 mm at 30˚. 
     Distal: 1·0 mm and distal of
     it 1·35 mm, all perpendicular
20 Type 2 2 Closed 2 and 2 Proximal: 1·35 mm.  None 5
     Distal: 1·35 mm, at 30˚ and
     distal of it 1·35 mm, 
21 Type 2 3 Closed 2 and 2 perpendicular 0·8 mm non- None 7
     threaded, all perpendicular
22 Type 2 1 Closed 2 and 2 Non-threaded 0·8 mm, all None 5
     perpendicular
23 Tie-in 1 Open Tie-in with 2 distal Tie-in pin 1·6 mm non- None 3·5
    pins threaded, distal pins 1·0 mm
     threaded, perpendicular
24 Type 1 1 Open 2 and 2 Threaded, 2·0 mm, all Slow callus formation 8
     perpendicular
25 Type 2 21 Closed 3 and 2 1·0 mm perpendicular Reposition of fragments not 11
      satisfactory due to fibrosis
      around fracture ends
26 Type 2 1 Closed 2 and 2 0·8 mm non-threaded, all Soft tissue infection and Non-union
     perpendicular osteomyelitis distal to the
      fracture site led to amputation
27 Tie-in 1 Open Tie-in with 1 pin Tie-in pin 1·0 mm non- Non-union after 5 weeks  Non-union
    proximal and 1 pin threaded, proximal and distal led to amputation of
    distal pin each 0·7 mm threaded, all tarsometatarsus
     perpendicular
28 Type 2 Unknown Closed 2 and 2 Proximal: 10 mm and 1·0 mm Bone resorption around  5
     at 30˚.  the first of the proximal
     Distal: 1·0 mm, pins – removal of pin after
     all others perpendicular 4 weeks
IM Intramedullary
TABLE 4: Continued
time to the removal of the fixator was between three and five 
weeks; cases which took longer were due to complications 
such as instability (cases 11, 14 and 25), the compliance of 
the client (case 25), and possible metabolic disease (case 24). 
In five of the ulna fixations in pigeons, fissure formation 
or refracturing was observed. In most of them it occurred 
around the most distal pin and regardless of whether the 
radius had also been stabilised with an intramedullary pin. It 
is possible that the 4 cm connecting bar was not long enough. 
In birds, the leverage exerted on an ulnar fracture is signifi-
cantly greater than in dogs and cats owing to the different 
relationship between the muscle insertions and the joints. 
Howard (1990) recommends the use of longer plates in birds 
than for similar fractures in small animals, and this sugges-
tion might also apply to external fixation.
The decision to use type 1, type 2 or tie-in fixations should 
be based on the current recommendations for the repair of 
fractures in birds (Redig 2000a). In dogs and cats Hass and 
others (2003) found no evidence of complications when using 
only two pins in the distal fragment rather than three, which 
would add additional stiffness (Bouvy and others 1993). On 
the basis of the experience with the pigeons, three pins might 
even be contraindicated, because the bone refractured distal 
to the fixator in five of the 10 birds.
The fractures healed in all but three cases, a success rate 
comparable with other studies. In a study of 27 birds of prey 
treated with a tie-in external fixator, non-union occurred in 
four cases (Redig 2000b), and in dogs and cats treated with 
the FESSA system by Reichler and others (1997) and Haas and 
others (2003), non-union occurred in two of 27 and one of 
22, respectively. The failure rate is also an indication of the 
difficulty in treating osteomyelitis in birds, rather than fail-
ures of the technique. The three cases in which the fractures 
failed to heal had open fractures related to trauma by wires or 
animal bites, and osteomyelitis was a problem. In this study, 
18 of the 28 birds suffered complications, compared with 15 
of 28 (Reichler and others 1997) and nine of 22 dogs and 
cats (Haas and other 2003). The higher rate of complications 
is probably associated with the higher incidence of complex 
fractures in birds, which is due to the different composition 
of avian bones; in birds, the average proportion of inorganic 
substances, such as hydroxyapatite, is 84 per cent, whereas in 
mammalian bones it averages 65 per cent. The higher pro-
portion in bird bones results in a significantly higher inci-
dence of comminuted fractures (Schuster 1996).
In mammalian surgery, the use of threaded pins together 
with external skeletal fixation is generally recommended 
because of the greater pin-bone interface (Anderson and 
others 1997), and positive-threaded pins are known to be 
more stable than negative-threaded pins, and reduce the risk 
of pin breakage. In the authors’ experience, threaded pins 
can also be recommended in avian surgery; however, nega-
tive-threaded pins appeared to be safe in the birds treated 
in this study, and they have the major advantage of being 
cheaper.
Premature pin loosening has been described as one of 
the most common reasons for the failure of external fixa-
tion in birds and mammals (Degernes and others 1998). Pin 
loosening occurred in four cases, and in one case resulted 
in the loss of the fixator. When type 2 fixations were used, 
no difference in outcome was observed whether all the pins 
were placed perpendicular to the bone or if one pin was 
placed at an angle. Nevertheless, placing a pin diagonally will 
reduce the risk of instability, especially if non-threaded pins 
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are used. In the tie-in fixations, two fractures were stabilised 
with non-threaded pins and three fractures with threaded 
pins; no difference was observed in terms of the outcomes. It 
may therefore not be necessary to use threaded pins in tie-in 
external fixations in birds weighing less than 1 kg, but they 
may be necessary if larger birds are treated.
The results showed that the FESSA system could be applied 
to birds ranging in weight from 90 g to 900 g, and with dif-
ferent types of fracture. Another advantage of the system is 
its light weight; other metallic systems weigh approximately 
seven times more than the FESSA system (Table 5), which 
weighed only 4 g more than a comparable polymethylmeth-
acrylate system, a difference that can be considered clini-
cally irrelevant. Furthermore, with the FESSA system contact 
between the pin and connecting bar does not pose any risk 
of instability, and it makes it possible to modify the position 
of individual pins simply, postoperatively, if the reduction 
is unsatisfactory or if a pin has become loose, as in case 28. 
The dynamic stresses on a fracture can also be changed easily 
by selectively removing pins, and the unique positioning of 
the holes makes it possible to place the pins closer together 
than with any other external skeletal fixation frame; Haas and 
others (2003) showed that six pins could be inserted over a 
distance of 15 mm, whereas only three pins could be inserted 
with the Meynard system. Because the system can be reused 
in several animals, its costs compare favourably with free-
form fixations, in which the pins are the major cost.
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System Weight (g) Source of information
Polymethylmethacrylate
  (6 x 67 mm)  2
FESSA system
  (6 x 67 mm with six screws)  6 Present study
Kirschner system  
  with six clamps 44 Reichler and others (1997)
Menard system
  with six clamps 47 Reichler and others (1997)
TABLE 5: Weight of different systems of connecting bars for 
external skeletal fixation
